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FIGURE LEGENDS

Bruchs' suggested generalized circulation regime in the G
of Mexico showing the region of coupling batwsen the zast
and western basins. (Redrawn from Bruchs, pesrs. comm.).

Depth of the 20 € isotherm during May and June 1973, showing
the position of the Loop Current intrusion. (Adapted from
Motinari =t a1., 1977, fig. 1A).

Pepth of the 20 € {isotherm during July 1973, after a Loop
Current sddy has been pincheaed off. (Adaptad from Molinari
2t at., 1877, fig. iB).

Trajectory of Lagrangian drifter number 3374 tracksd from
8 Gctober 1982 to 1 March 1983. {(Adaptsd from Lewis, 1984,
fig. 4.2-508),

Trajectory of Lagrangian driftsr number 3374 tracksd from
i March 1983 to 10 August 1983. (Adapted trom Lewis, 1984,
1:‘;'3: il-.2‘“50':).

Trajectory of Lagrangian drifter number 1599 trackesd from
19 November 1980 to 11 May 13981, (Adapted from Lawis, 1886,
fig., 3C-6).

Trajectory of Lagranaian drifter number 1600 tracksd from
20 November 1880 to 11 May 1881. {(Adaptsd from Kirwan =t al.,
1984, fig. 1C).

Traiectory of Lagrangian drifter numbsesr 3350 tracksd from
22 April 1984 to 3 Ssptamber 1984. {(Adapted from Wadds11, 1984,
fig. &1},

Linzar paths based on the connection of sndpoints of nins
different Loop Current rings as evidencad by the movemants
of Lagrangian drifter buoys. (After wadds=11, 1986, fig. 4.3-35)Y,

Proximity of ths shelf break (200 m) off Rancho Nusvo, Mexico
(23 11" N). {Adapted from U.3. Dept. Commercs, 1985; fig., 1.01).

Location of Rancho Nuzvo. (Adapted from Marquez, 1978; fig. 1).

Generalized surface currsents in the Gulf of Mexico. (Adapted
from Galloway, 1981).

Mean circulation of the Gulf of Mexico as suggested by Sturges
at al. (From 3turges?! Fig. 1, in Sturgess snd Shang, 1878).

Counter-rotating vortices in the western Gulf of Mexico n=ar
kRancho Nusvo. Water flows to the =ast between The northern
cyclone and ths southsrn anticyclons. (Adaptsd from Msrrill
and Morrison, 1881).
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AGSTRACT

Young pelagic Kemp's ridiey turtles may opportunistically utilize
sargassum concentrations as refugia, and sargaszsum associates as
sources of food, Association with sargassum or othsr floating
objscts involves risks as welil as bansfits. Potential food
sources in the pleustal zone are abundant both within and awavy
from: surface convergences and sargassum rafts.

Coastal, shelf, and offshore currents vary during the hatchling
smerdence perifod. Hatchlings from a gjven annual cohort are
exposed to differant oceanographic, and disperal conditions, =
form of bet-hedging that exposes the young to different lsvels of
dispersal risk. Most hatchlinas may reach, and bscoms smbaddad in
a boundary currant off the natal bsach regardless of currant or
wind conditions., D=zpanding upon the typs, location, strength, and
paths of surface currents, pslagic stage Kemp's ridleys may
afthar complate the developmental phassa of ths 1ife cvecla in the
western Gulf of Mexico, or be transported to the zast, snirainsd
in the Loop Current, eaxit the Gulf of Mszxico through the Straits
of Florida, and drift to the north on the wastsrn edge of ths
Fiorida current/Gulf 3strseam. M=an circulation pattsrns in ths
Gulf of Mexice bassed primarily on Lagrangian drifter datas asrs
discussed in support of disparsal pattern spsculations.



Footnote 1, p. 5.
®

The heterogensity of the "wild" nesting/natal beach appsars to be
only superficially similar to Padrs Island beaches, and differencas
betwzen the two areas should perhaps be taken into consideration
when evaluating the success of tag and releass sxperiments

performed in the Tatter location.

Footnhote 2, p. 45,
%

Note: The swim frenzy, orisentation and orientation cuss, swimming
spesd and durastion, and doubtful probability of hatchling
loggerhead sea turtlss reaching the Florida Current from the zast
coaszt of Florida (assuming a shelf width of ca. 30 km) during the
"frenzy" period, 1is discusssd by M. Salmon and J. Wyneken, 1887,
Thz authors pointaed out that the hatchlings sventually reach the
western boundary of the Florida Current by post-fraenzy-oriented
movemsnt., Rasults of this study were received after the pressnt ms.
was writhten.,



REVIEW OF OCEANOGRAPHIC FEATURES RELATING TO NECGNATE SEA TURTLE
DISTRIGUTION AND DIZPERSAL IN THE PELAGIC ENVIRONMENT: KEMP'S
RIDLEY (Lspidochelys kempi) IN THE GULF OF MEXICO

INTRODUCTION
Much of what 135 known about Lepidochelys kampi is summarized in
Marquez {19886). Review of his and other summary accounts
(Hildebrand,1963; Pritchard, 1878; Chavez, 1968; Carr, 1886 a, b
Meylan, 1888} and the works cited in them, c¢laarly indicats arsas
of research thsat require fincreased dinvestigative attsntion.

Major aspescts of L. kempi biology that are impsrfsctly understood
includs assessments of present population 3zize, ags and ssx
distributions, rates and causes of age-spscific mortality,
genetic variability, and the effectiveness of historical and
przsent conservation efforts. It can bs argued that ths most
conspicuous gap in  knowladge of Kemp's ridley biology, howsver,
is what happens to the turtles during the intsrval of fims
betweasn First contact of hatchlings with the sez off the bsaches
of Tamaulipas, and their appearance as preadult benthic
carnivores. in shallow coastal watsrs of the eastern seaboard and
tha Gulf of Mexico.

The paper i35 preasented in two parts. First, poszible sourcss of
food and refugia available to the voung turtles in thes open ocsan

are discussed. Sacond, the surface circulation of the Gulf of
Mexico 15 discussed with respsct to . several possiblzs current
patterns that may explain, in part, why turtlss of various

sizes/ages have been observad in coastal waters at ths timss and
gzogranhic locations reported in the 1iterature.



FPART ONE
THE PELAGIC HABRITAT

INTRODUCTION

Young L. kempi, (and other sea turtles) have an sxtsnded pelagic,
mors or less planktonic developmental stage 1in  their 1ife
historiss (Carr, 188635 Marguez, 19868). The widely held visw that
pradator avoidance 15 wccomplished by s=zeking refuas, perhaps
sctively, in flozsting aggregations of sargassum (e.g9., Frick,
19763 PFritchard, 1979, 1880 Carr, 1980; Fletemeysr, 1878; Carr
and Mevylan, 1880; Pritchard and Marquez, 1873; Bennett and
Klzerkopsr, 1978 Witham, 19763 Hoffman and Fritts, 1882;
Caldwell, 1889; Carr, 1888), and that species associated with
sargassum  (Fineg, 1978) and/or surface convergsence zones offer an
abundant food sourcs {(Witham, 19803 Carr and Meylan, 1980;
Carr, 19863 Marquez, 1886), i3 compalling, in that it offasrs a
simple, Jogijcal sexplanation for how small turtles might make a
Tiving in the opsn sea. Therse are no scological "stratsgiss!
(Handrickson, 1880) without hazards, howsver, and the bsnzfit-to-
cost ratio of protection and food vs. pradation, and dependencs
upon the vagaries of curr=snt and convergencs locations, may be
only marginally in favor of survival of the voung fturtlsas. A
relatively recant major, and probably worsening hazard to
survival of small pelagic turtles,

i3 hydrocarbon polluticen and plastic dezbris that accumulates in
surtace convergencs zones (&.3., C0ison and Backus, 1985). Closs
examination of surface circulation patterns Jin the pelagic
habitat may l=gad to & better understanding of the pelagic
developmantal phase of Kemp's ridlay ssa turtls.

Background

Although numbers Fluctuste annuzlly, currently 200-1300 adult
female Kemp's ridley sea turtlss nest sach year (Klima, 1986;
Marquez, Villanueva and Burchtield, i986; Margu=z, 1983,
Cailloust, 1984; Fontaine =t al., 198%). Byles' {(1886) annua)
estimate of nesting femalss was 572, and rsported that ths numbar
of nesting femalss has bsen decreasing by three percent psr yeanr
since 1878, Nesting occurs along a 17 km stretch of beach 1in

Tamaulipas State, Maxico, near the town of Rancho Nusvo, snd
just south of the Trepic of Cancer, 23 10' to 23 18'N., 97 45!
W, {Marqusz, 1976). Marguez (1886) summarizsd what is known

‘eal, biolegical, environmental, and physiocgraphic
characteristics of the nesting b=zaches. Marqusz {(1888) and
Hildebrand 19863) classifiaed +*the nesting beaches as "hiagh
snargy", with & shallow, Tla naarshors bottom profile and
several Jlongshore sand bars and r=ef barriers. Gznerally such
bgaches are somawhat protscted fTrom ths full force of ocsan
waves, and are mors typically classifised as "moderate-to-iow
energy", =aven though wave shoeck may bz axtrams on ths ssaward
side of reaefs and bars. Hopkins and Richardson (1984) rsported
2

about the =&
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that the nesting beaches used by Kemp's ridley were stable, and
subizct only to slight erosion. A mixsad saltmarsh/mangrove flora
{£.9., Spartina and Rhizophora) (Hildzbrand, 1863), and variation
in bsach composition and construction,; from fins sand in some
arzas, to sh=11 rubble and stonss in other locations; from low {1-
4 m) to rather massive (10-12 m) sand dunes aleng ths nesting
5 evidence that Uthe!

besches {Chavez, at al., 1967), 1
nasting/natal beach of Kemp's ridley is5 hsterogsnous along its 17
*

km tenagth.

Marquez (1886) noted that data on currsnts were unavailablis, but
it appearsed from his description of the nesting b=zach that thers
may be some local onshore focus of currents off Rancho Nuzvo
during the entire period of +time from nesting of thes adult
x®

tfamales through hatchling emsrgence. He noted that drifting
debris accumulates on the besach front as a result of these
currants, <Coastsl curreants are alwavs alongshore, and do not
"econverge on beaches except in catastrophic conditions such as
hurricanes, (M. Brown, pers. comm.). Surfasce drift may carry
floating objects toward shore., These objects might accumulats on
caertain beaches due to wave refraction and bottom topography
{2.9., hesadlands, r=safs, shoals). It may bs that Margusz {1986)
spoke of WaVESs rather than current convargences in his
description of +the Dbeach. Variability of currents slong the
natal beach during hatchling emergsnces, discusssd below, may play
a role in the survivorship of neonats turtles. The prasencs of
beach debris might not be evidence that hatchling or c¢ldenr
turtlses are steersed toward thes besach by currants,

Nesting occurs primariiy bestwesn April and July, with highsst
frequanciss 1in May and Jun=. The last of the nesting teamalss
Teave the besach by mid-July (Margusz, 1876; Chavsez, Conireras,
and Hernandez, 188683 Hildebrand, 18683). Within ssason and within
vear nasting frequencies ars apparantly variable,

Many workers have investigated +the ocean-finding beshavior of
hatchling s=s tfturtlszs. Thouagh factors othsr than 1ight cuss have
been suggested or dmplicated 1n experimental situations (a.9.,
Wibbels, 18984), hatchlinas wusually orient to Tight untii they
reach ths occs=an (Withsam, 1980), and asasume a pelagic tTifestyle.
wWitham (1980} suggasted that hatchlings =xhibit & wave-
orisntation response; it thers are waves they will swim inte and
through them. In thes abssnce of waves, the animals may not awim
purposfully in an offshore dirsction. Wibbeis (1984) and McVey
and Wibbels {(1884) reaportaed similar bshavicr in 18-24 month old
captive-rearsd turtles relzased under axperimental conditions.
Stonsbrunner =t al. (1882) summarized hypotheses and observations
of hatcehlings swimming out to s=2a, ("in sezarch of sargassum'). It
sesems  ¢lear that most Kemp's ridlay hatchlings swim mors-or-lsas

directly out to s2a Tdmmadiately upon reaching Jt. One would
axpeact zxcaptions to this general tendency both bstwesn
individual turtltes, and undsr particular environmantsal
conditions. Convincing dirsct =szvidsnce 1in  support of & usual

szaward swimming response by Kemp's ridley hatchlings has besn
3



documsntaed (Hildebrand, 196335 Carr, 19803 Hendrickson, 1880
Witham, 1980; Pritchard, 1988).

urviveorship rates of pelagic Kemp's ridleys ars unknown. Marquesz
t al. (1981), spesculated that theoretical survival rates to vear
ven {the approximate age of sexual maturity) 135 0.025.
ritchard  (1980) estimated that, based upon tag returns, survival

saxual maturity was 2-3 per 1000 eggs. According to Pettings]l
(1878), perhaps ong out of 100 turtles from Rancho Nusvo survives
to the -adult stage. Egg, hatechling, and post-hatchling pelagic
stage mortality iz undeoubtedly high, as with yvounger stages of
all spescies, although nest/zg9 protesction efforts at Ranch Nuavo
have reduced Tloss of ths first two stages somewhat. Hesadstarting
efforts may or may not have mitigated the leoss of pslagic stags
individualts, although +the success of all conservation efforts
thus far attempted 5 unproven (see Mrosovsky, 1983:; Hildsbrand,
19823 Marguez and Psrez, 1982; Crouss, 198%: Marquez, 1886, for
revisws),

i 2= BV R ) (R 6 1]
=
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Marquez {1986) summarizsd +the survival valus to hatchlings of
swimming away Trom the beach. The chief immediate result of s=zuch
behavior 1involves getting the vulnzrable hatchlings to ths besach,
through thse surf and waves, over shoals, sandbars and rsefs, and
away from numerous predators found in these areas, 1in the
shortest time possibla. Pritchard and Marquez (1973) pointsad out
that hatchlings must swim actively for _soms= hours or days to
avoid being thrown back up on the beach from which they camse.
Carr and Meylan (1882), among others, have reportad strandings of
post-hatchling turtles after storms or hurricanas.

In discussing his "lost vear" work, Carr (1886kh) suggested that
hatchlings thrown back upon their nesting bsaches must have bhsan
trapped 1n local eddies. He also discussed the strong opan-sza
crientation of hatchling s=2a turtles, and explained that ths
"swim frenzy'" observed by numerous workers was claarly davelopsd
to taks them into longshore currsents, although he felt that, "It
may be a straw in the wind that thers {13 a3 ssasonally strong

onshors movemsnt of currents along the Texas coast during
hatching time! {(Carr, 1980} . Again, it 13 important to
distinguish betwean the drift of surface watsr resulting from
onshore winds, and onshorse currents; Carr referrsed to the wind

driven flow of shelf water off ths Tvxas coast (s=e Shaw =t al.,
1885). Should +thars be a tendancy for ths turtles o swim sither
against or with alcongshore currents after lesaving thais natal
bszaches, they would bes at some risk of being re-depositad on the
bzach.



Cochrans and Kelly (18886) found that the only shore-normal
currant flow induced by the winds i3 in an offshors dirsction (a
return flow) at the point whers winds are axactly normal to the

shore, The =ffsctive differsnce betwesn surface drift and
"onshore!" currents to the net movement of hatchling turtlss may
not be significant, but it precludes the construection of a

paradigm that I originally wished to develop relating both the
tormation of arribadas and initial hatchling crientation off the

natal besach +to onshorse current convergences. Regional (rathesr

than onshore convargsnt) curraents probably influence the
dispersion of hatchlings, although cause and effect relationships
are entirely speculative. When present, strong longshors

currants off The natal beachss during the hatching period
probably play an important rele 1in determining when and whars
nzonates cross the continental shelf, as it i3 presumsd thsy do,
to arrive in the opsn sea.

In the sanse discussed below, variation 1in ths c¢hronclogy of
events =arly in the 1ife cycles of a given year class of Kemp's
ridley may be viewsd as a Torm of "bet-hedging" in the spscies.
Feamales may nast more than once par ssazon, and sscond and
subsequent nests may be a mile or more away from the first.
Within-s=2ason internesting fregquenciss are variabls, and may
depend upon physiological responses to appropriate envirenmental
cuss such asz surf conditions and possibly storms (Hildsbrand,
1863)., Not all of tha hatchlings from & singlse nest may lzave 1t
at the same tims, and at Jlezst soms betwsen-arribads nesting
occurs (discussed by Marquez, Villanuseva, and RBurchfisld, 19886).
Masting occurs during a four month period {(April-July), and
hatchlings thus leave the bazach over a four month pariocd {(June-
November). Although most nssting occurs during the Mav-June
pericd as documentad sarlisr, & given vear-class of Kemp's ridlsy
natchlings are able to teas g rangs of bsach and offshore
conditions.

It is Adncorr=sct to assume that all young turtlss produced during
g single nesting season, or sven a single arribada are axposed to
gquivalent hazards when theay enter the waters of their natal
beachses and assume a pelagic existence. An exception to this
miaht occur in the =vent of beach contamination by an oil zpill
(Lutz, Lutcavags and Bossart, 1986; Vargo and Lutz, 1988).

THE PELAGIC HABITAT OF VYOUNG KEMP'S RIDLEY IN THE GULF OF MEXICO

i~

Sargassum

Floating (Galt, 1985} and depth-keseping spsecizs (O1zon  and

Backus, 1983), and floating objects such as tar balls, plastics,

and the 1like (Kennsdy, 1872; Frazisr, 1980) are concentratsd for

varying periods of tftime {in surface converasnce zones (e.4.,

fGooding and Magnuscon, 1967 Ewing, 195%0; Weiss, 1968: Falbsr and

Woodcoclk 1852; [Ceacon, 1942; Wong, =t al., 1974). Windrows and
- 5



denss patchss of sargassum have bsen mentionsd by numeroys
observaers from at lsasst ths time of Columbus' vovages in tha
1400's  {summarized by Deacon, 1942), and concentrating phenomsna
such as Langmuir cells and ocean fronts have bszen gensrally known
for many vears. In TtThe western North Atlantic, massss of
sargassum  ars concentrated in  the Sargssso 5S=a (Wings, 1923
Woodcock, 19447 Teal and Te=al, 1873; Butler st al., 1983).
Palagic saraassum, or Gulf Weesed (primarily Sargassum natans and
fluitans) 135 also commonly s=2n in the Gulf of Mexico, but it
not as often Tound 1in concentratsd rafts or driftliness
approacining the size of those found in the vicinity of the
Sargasso Sea.

[y
~ e

.:l....._.

Parr (1938) noted that there were conspicuocus differences in the
haalth and abundance of sargassum betwesen the Gulf of Mexico and
the Sargasso 5=a, and raportsd that, ".,..wesd in the Gulf of
Mexico i3 1in an unhealthy stats in contrast with the ZSargasso
seal, Bortons, Hastings and <Collard (1977) described the
depauparate fish fauna associated with sargassum in the Gulf of
Mzxico comparsd to the Sargasso 3Sza, and Collard (1978) rsporied
that nsustonic zooplankton Jn  ths szastern Gulf of Maxico was
impoverished comparad to the western North Atlantic. Fleminger
{pers. comm.), felt that a number of copspod speciss wsrs for
some reason not  Tound in  the plankton of the Gulf of Maxico a
short time after entering it from the Caribbean Ssa through the
Yucatan Straits., His agaeneral observation is confirmead, in part,
by Turner et a1. (19879) and Turnsr and Collard (1880). wWhile
convincing quantitative studies have not bsen published, it ssems
that substantive qualitative differsnces may exist batwesn the
surface-associated Tauna and flora of the Gulf of Maxico and ths
Sargasso Sea region of the westsrn North Atlantic.

On  occasion, dense mats of sargassum have bsen obssrved in the
Ggulf {(cgren, pers. com.} Captain R.E. Millsndsr, pers. comm.),
a#1though such accumulations ars not common, in my experiznce,
Curing more than 60 cruisezs 1in the zastern Gulf of Maxico during

wnich attention was given to recording the occurrsnce of
sargassum, 1t was always se=an; usually in widely ssparated, small
cltumps, regardiess of position or time of vyesar. Ssidom were

sxtensive windrows or aggregations of the wsed s2en, sxcspt on
these (relatively f=w) occasions when thea s=a8 had besen calm for
an sxtendsd period of time, or whan near the Loop Current.

After observing a period of frenzisd swimming behavior in captives
graan turtle hatchlings, Frick (1878) concluded that fthesy
prebably  travel steadily for 24 hours after lsaving the bsach.
the obssrved the c¢ourss of relieased hatchling greesn s=a turtles
to be Jinte the currant {surf?) and normal te the shors. The
turtlss swam indegpendently and, once thay had established =
course, kespt to it in spite of natural and introduced obstacles.
Shs  further suggssted that hatchling grsen sea turtles swim
offshorse to longshore currznts to find sargassum. Krsmer and
Bznnett  (1881) reportsd that the guantity of volk available as an
2naprgy  source  TtTo hatchling logmerheads was not sufficisznt to
. 6



m during travel from the scuth Gzorgia coast to a
ic current such as the Florida Currsent or Gulf Strsam,
ad the idea that franzied swimming sctivity during the
first few days after smergsncs would snabls them to travel soms
distance offshore, Caldwaell (1982) rsported, howaver, that ons
captive sea turtlse that would not =sat swam actively for five
months before it starved to degath, indicating that volk snergy
Feserves may not abscolutely 1imit the swimming rangs of a neonsate
turtis, Frick {19768) observed a neonats gresn turtle dive and
consumse & cotenophore prior to encountering sargassum in which %
subsaquantly restad.

O
-+
i3]

il

Fletemeyar (1878) summarized historical rscords of hatchling sea
turtles associated with sargassum, and observed Toggesrhaad
hatechlings rest and shslter in sargassum when it was prsssnt
cltose to shors. Owens (1983) reitersied that the most commonly
accapted hypothesis concerning nsonatal distribution suggests an
association with drift 1ines which contain sargassum or flotssm,.
Witham (1974) obssrved ftwoe live hatchlings on top of & fleating
board undernzath which ssversal Coryphasna wers fesding. Capturs
of these., fish revealed that one of them had =aten =ight
posthatchling Toagerheads and ong gresn turtle about two weeks
old. Pritchard and Marguez {(1873) suggestasd that Kemp's ridisy
post-hatehlings drift passively with sargassum. This association
was also thought to be the cass with green turtiss (Bennstt and
Klzerkoper, 1878; <Carr and Meylan, 1980), and loagsrhsads {(Carr
18863 Smith 1968; Caldwell, 1969). Many other authors have sither
suggasted or observad that small sea turtlss are asscociated with
paeiagic SErgassum {(Weiss, 1968; Fin=s, 19703 Ryland, 1e74
Caldws11, 1888; Witham, 1976; Hoffman and Fritts, 1882).

The ge=ographic and temporal distribution of pslagic sargassum in
the westsrn North Atlantic ds5 primarily detzrmined by surface
winds and currsnt patterns (Butler =t a&l., 19883)., Carr (1980) was
aware of this when he statsed, "An understanding of shear-1ins
g=zography 13 critical tc the szarch for the "lost! post-hatchling

stags of s28 turtle ecology.... WUnptil thiz dinformation fis
available our knowledge of the Jife c¢cyvele i35 ssriously
incompliets, and sffective conssrvation i3 handicappsd. To achisve
battsr knowledgse of shsar-l1ine distributions and ssasonality
seaems essential  to an understanding of sas turtls ecology. Carr
=t al. (1982) reiterated the importance of understanding shsar
lines, and later stated unsquivocally (Larr, 1886) that the
biology of voung 3ea turtles could not be understood by

the absence of a clear understanding of surface
2as  (which explain aggregations of sargassum and
its asszociates, such as post-hatchling s=a turtlss). Carre
(1886), also statse that, "It now ss=ms well sstablished that
hatehling s2a fturtles go into sargassum driftlines, if thers ars
any within their {nitial locomoter rangs. (Ths) accumulated
reports clzarly dindicate that hatchlingas not only go into
sargassum  raftts, but remzin in  tham for long psriods of time.
{Th=) FSACIASSUM refuge thaory i3 Nnew piroven fact....
{Convergsnc=s and downwz1ling) actien {s fundamental %o thsa

7
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zcologic organization of the epipslagic, and I have =1s
suggexated (Carr, 1986hH) that there would be no ssa3 turtiss, of
the kinds we know, if thsere were no fronts'.

Given that hatchling Kemp's ridleys 2nargetically swim out to sza
gfter Tleaving thsir natsl beachss and taks refuge in sargassum
raftts when thay encountar tham, how they maks 3 1iving thars is
less csrtain. Hypothases concerning sargassum as a ratugs for
amall  sea turtles should note that the distribution and abundancs
of sargassum in  ths Gulf of Mexico iz morse diffuss, and lsss
praedictable in 1ts temporal and arsal distribution than it is in
the Sargasso Ssza or the western sdgs of the Gulf Stream syvstem,
which has gsnarally besen usaed as a model. A majority of reports
of small sea turtlzs associatsd with sargassum have come from the
zast coast of the U.5., and there are relatively few rscords from
the Gulf of Mexico. Thare arse ne published raports of Kemp's
ridleys associated with sargassum.

Zubstrats ftype i3 thought to bs thes most important snvironmantal
facter in detaermining the organization and composition of benthic
marine communitisz (Collard and D'Asaro, 1873). Palagic sargassum
iz often referred to as a fleoating benthic (or pssudobanthic)
habitat (Butler &%t al., 1983), and it provides & substrate for a
unigus assembliage of sessile plants and animals, many of which
are not found =lsswhere {Fine, 1970; Morris and Mogleberg, {1873;
Butier et al., 1883). A numbsr of other speciss, zuch zs Planss
minutsa, Portunus  sayi, and Histrio may, to extend ths benthic
znalogy, bes considasred demersal, in that they arse associatsd with
tha sargassum substrate, but may leave it to forage. Juvenile
fishes of M&ny species, notably the filefishes, Sariocla,
Coryphasna, butterfishess, exocostids, and others, ars temporary
associates of sargassum (=2.g., Bortone, Hastings, and Collard,
1877y, The voung of many spscizs of fishes se=k shelter under
any sort of floating material in the opzan cczan {(e.g., Mansustti,
19823 Zann, 1980) including sargassum, rafts, logs, jellyfishes,
and large sea turtles (Gooding and Magnuson, 1967). Adult fishes,
such as tunas, sharks, amberjacks, and biilfishes, are also found
nesr and underneath sargassum. Many of the largser fishes ars
praedators which, 1t i3 theought, ares attracted to the weed by ths
smallasr (potential) prey species sheltering thers. Gooding and
Magnuson (1967), however, mads an important obsservation: Only ons
of the many large predators, 3Zsriola rivoliana, was 3ssn  to
capture ons of the shaltsring "prey" individuals. Larger Tishes
charactzristically soon leave ths vicinity of sargassum and other
rafts.

Gooding and Magnuson (1967) suggested a number of plausible
reasons for thes accumulation of fishes arocund sargassum and othsr
flocating objscts: Frotsction from pradators; concentrations of
potential orey spscies; clzaning stations, and {(citing suvahiro,
1852), shade to protsct them from thermal sztress.



Thers 135 no information on whether Kemp's ridizy hatchlings climb
onto sargassum as  soms other speciss, particularly logasrheads,
have bean observed to do (Carr, 1988). Information 13 =also
lacking on whether young s=a turtles, in general, may taks refugs
in clumps of sargassum and climb onto its surface in ordsr to
avolid perceived predators such as fishes, which are known to
pray on small ses turtles (Witham, 1974), or whethar such

behavior is &8 stearaotypic response to floating objects in
ganeral, whether to avoid predators or for some other resason(s).
The carapace of Kemp's ridlsy post-hatchlings can noif bes zaid to
be cryptically colored, at lszast to any significant extent, and
should be visible to aerial predators while resting on the
surface of sargassum. Frick (1978) observed that frigate birds
caused the greesn turtlses she was following in the water to dive,
whereas swimmers did not cause  them to taks evasive measurss.
Thus, soms presumptive evidancsz exists that very young turtlas,
perhaps at +the end of the swim-frenzy psriod, purpossefully use
sargassum as a refuge. To my knowledgs, no parmansnt membsr of
thae sargassum community {Butler =&t a&l., 1883) dJs5 capablas of
eating small s=za turtlss,

Many obszervations of samall sea turtles (Carr, 1888) might
justifiably 1lead one to concluda that there 13 significant
survival wvalus 1in & sargassum association. Hildebrand (1980) and-
others have found stranded neonate sea turtiss coverad with
encrusting organisms suych as bryozoans that =a&lso grow on
sargassum, thus providing indirect svidence that ths turtles had
spant an extendsd psriod of time in the wesd., The pressnce of
ancrusting organisms on small sea turtles may also be atteributad
to the random attachment of the planktonic larvas of bryozoans
and the J1ike +to any floating object, howevser. Except for
zagregations of sargassum associated with fronts, raftts of any
zize in the Gulf of Mexico may be relatively short-~1ived., Ratts,
mats, and wrack lings of sargassum constantiy brsak up and re-
form in different configurations and in different locations due
to waves and storms, or thay sink dus +to +ths wsight of
ancrusting ofrganisms or wind stress. When considering ths
survival valus of sargassum to voung sea turtlas, it must bes
determined how Jlong {on an average basis, at Teast) sufficient
quantities of coherent masses of sargasszum are available for ths
turtles to take refugs in. From personal obssrvations in the Gulf
of Mexico, I suspect that rafts of the wesd sufficiently large to
afford protection to & zsmall sea turtle are pressnt infregusntly,
even, as ssems to bz the cass, when both the turties and
sargessum are often found to be concentratsd in the sams ares, by
the same= mechanisms (7.2., cartain types of gsurface
convergsncss) .,
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Based wupon the scanty available evidence, I suggest that Kazmp!
sargassum patches a:
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ridley post-hatechlings cpportunistically uss 5
refugia. Whilse their ocsanic survival rats i3 enhanced to soms
dezarss by the pressence of sargassum, thesir success as membsrs of

i+ depand upon its
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prassence. Carr (1886), suggssted that it i3 not sargassum par 3=
that 135 of crucial importance to post-hatchling s=a turtlss, buft
-the accassibility of a ftront along which dowan31i13 and
concentrations of food occur. o

Sources of Food

Organisms found often or only 1in aszociation with pelagic

sargassum in  the westesrn North Atlantic have besen described by
Fine (197Q), Merris and Moagleberg (1873) and Butler et 1.
{1983). Carr and Meylan (1980) sxamined the stomach contents of
15 agreen turtls hatchlings that had besen washsd ashore as a
result of Hurricane David 1in 19879, and found that the most
prevalent food {tems were bits of sargassum in the five animals
that had food 1in thair stomachs. Thesy also recovered ths
sargassum snail, Litiopa mslanostoma, and the p=lagic snail,
Diacria trispinosa in onz turtle sach. I have bsen unables to find
information on the forags of pslagic Kemp's ridlasy. Nierop and
Hartog (1884) reported +that Toggerhsads wsre known to eaat
zpipelaaic animals including the iscopod, Idotsa metallica, which
iz often associated with +tar balls. In captive situsiions,
hatchling Kemp's ridleys remained healthy and grew normally on a
wida. variety of foods, 1including lsttuce, chopped fish, shrimp
and a pellitized food similar to "trout chow! (Margusz, 18886
Fontaine =t al., 1885).It s=ams Tikely that voung pslagic Kemp's

ridlaeys could rather =zasfly find suitable forage when in
sargassum mats, &8s a rather broad diversity of animals and

epiphytes ars a&lways found to be associatad with the weed. It is
unknown whather Kemp's ridley manufacturss czllulass, or harbors
symbiotic Dbacteria or protists that produce {it. Thers are no
publishad data on sargassum as &g food scurces for the species.
Bits of sargassum in the stomachs of voung gresn turtlss as
raported by Carr and Mesylan (1980) might be asccountad for by ths
animalas’' deriving nutritional bsenefit from small animals attached
to the sargassum, rathsr than from the weed Jit3elf. Poszti-
hatchling Kemp's ridleys may swim from patch to patch of
sargassum when it 15 no longsr efficient for thsm to fzsd on a
given raft, or whsan the weed is dispersed dus to wave action. In
such c¢ases & turtls might swim downstream, and overtaks sargassum
drifting with currsents, or swim across ths direction of currasnt
flow until it =ncountsred =a food scurce, a@s suggssted by Jarsn
(pers. comm.). A s3imilar possibility was suagested by Witham
(1880).

While De 3Sola and Abrams (1933) detarmined that the lsngth of
juvenils Kemp's ridleys gut s2z2ms to ks charactsrisztic of
herbivores, it 135 not known whethar gut morpholedy changes with
agqe 1in  thz spsciss Limited observations of the young of other
species of 323 turtles, and the fseding behavior of captive
Kemp's ridleys suggest that Kemp's ridley has a broad dist width,
and 1is @& nutritional generaiist during its young pelagic stage.
An  apparsnt changes in forage prasfersnce occurs once the turtls
assumes an inshors demsrsal/benthic sexistenca, and the disat is
primarily compossed of portunid orabs {(Cobie st =21., 1961),
TG :



svaral other typss of benthic food items have been recorded,
ncluding other crustacsans, gastropods, bivalves, schinodsrms,
=211yfish and squids (summarized by Marquez, 1986). The dist of
snthic-stage Kemp's ridley may c¢hange not only becauss of a
davelopmantal habitat shift but becausse of ths grsatsr
availability of crustacszans, and increased =fficiency in search

and handling times. The species c¢learly eatz c¢rabs and, on
occasion, certain pelscypods and a variety of other benthic
invertebrates. It is not c¢lear whether the ingestion of such pray
items =as starfishas is accidental, or a broadsning of dist width
whan prefarred forage species are rars.

surface convergences are ths result of diffsrent cczan procsssas,
and diffsr in terms of the freguency of their occurrsncs,
Tengavity, and scate. Beczmuse of thess major differsncss,
attempts to relate the possible abundance of food avsiiable to

surface-associated animals, such =as small pelagic s=sa turtlas,
should be mades cautiocusly, and only with respsct to specific
kinds of convergences. For example, ocean fronts and Langmuir
cells are. significantly different in terms of ths oceancgraphic

conditions under which they occur, and in the eaxtsnt and
persistence of the organization of surface objzcts associated
with them. Langmuir circulation occurs only in nzar-calm s=zas,
and cell convergsnces are parallsl to each other, spacsd but a
few metsrs apart. YWhan thsy are present, 1ittle turtles are

navar more  than a few breast strokes away from ons'" (d. Brown,
pers. comm.). fConvargsnce zonas along oc=an Tront boundaries
extend fTor largs distances, but when they are present in & given
region, may be hours or days away Trom a drifting or slowly
swimming small turtle, Except Tor their general leocaticons and
statistically predictable frequasncy of occurrance, CoOnvergences
ars not parmanent fesatures of the open-ocean landscaps. A gansral
discussicen of oczan convargsnces and the factors that cause their
formation was pressnted by Galt {1985). I suggest that thars may
ba a more parsimenious way *to explain how turtles find =nough
food to sustain them in thes opszn sea when thsy find themse
a5 thay must for varvying periods of tim=, away from converg
related food concentraticns.
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Riologists dnvestigating zooplankton in situ, have shown that thes
near-surface waters of the ocesans are often inhabited by, among
others, a wide diversity and abundance of ageiatinous animals
such as ceolonial radiolarians, salps, ctenopheores, siphonophoras,
jellyfish, pteropods, larvacesans and hasteropods (=.g9., Hamner, =t
al., 1875; Swanbsrg and Harbison, 19803 Madin, Cstta, and
McAlister, 1981; Harbison, Madin, and Swanberg, 1978). "“Marine
snow" s alsc abundant in npear-surfacs waters of ths open ocean
{(3ilver, Zhanks and Trant, 1978). Marine sncw conszists of often
macroscopic aggregationz of mucus from the cast-off "housas!" of
larvacsans, filtering nats of pteropods, and residuss of
scyphozoans and other gslatinous zooplankters. Thess aggr=gations
app=ar  to be organically rich, and have ambaddsd in them Fecal
p=ll=ts, flagsllatss, bacteria, diatoms, and both dead and 1iving
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crustsceans. Marins snow s e=asily visible to divers in the
watar, and preasumably would be to turtlzss as well, Thay are a
potential scurce of food which deserve additional investigative
attention. Many of these animals are rarely or never caught in
plankton or n=auston nets becausse of their fragility. A zmall
Kemp's ridley physiologically capable of sating thess animals,
many of which manufacture mucous food wsbs upon which thay sntrap
other animals, would 1ikely find no Tack of food anywhers in the
ocean, ATl that the turtles would bz regquirsed to do to capturs
the gelatinous zooplankton 13 posssss  the ability to s=2 them

{32 Maver, 1910, c¢cited by Witham, 1980, for obssrvations of
gelatinous zooplankton on the ocsan surface), and be able to dive
a fezw metsrs to catch them. Evidence i3 adequats to assuma that

young turtles use primarily visual cuss to locate food (Fontains
et al., 18853 HManton, Carr, and Ehrenfisld, 1958); and thesy ar=
zble to dive even a3 hatchlings (Frick, 1976). The leathesrback
sea  turtle s well-known to feed on jellyfishes {(Lutcavaugs and
Lutz (1886), and grsz2n and logg=erhsad ssm turtleszs have bsen
ohsarved to fas=s on Jjellyfish and ctencphores {(3alvini-Plawsan,
1972 Frick, 1876). Peslagic Kemp's ridleys may a

gelatinous zooplanktsrs.

Because of the potential availability of food in the form of
sargassum-assoctates, and nsar-surfacs gelatinous zooplankton, I
sgree  with Carr  (1886b) that ltack of an adequats food supply s
noet & major cause of mortality in voung L. kempi.

survival In The Pelagic Environmant

Small drifting s=a turtles must successfully aveid predation,
find food, and stay in water whoss quality and tempsratures rangses
are within the turtls's physiological tolsrance limits. An
unknown number of post-hatechlings may be transported by currents
to arsas  Trom which thay cannot return to reproduce. Many post-
hatcechling s=za turtles probably fail to meat thase challengzs but

we khow nothing about survival ratss for this period in their
Zhelter and food sourcas have besn briasfly discussead, and

1ife.
dispersal by currents is discussed in Part 2. "Water qualtity? --
in the roadest sense of the term, including oil pollution and

b
sheet plastics--has bssn summarized by Balazs (198%) and Margus=z
(1986). The distribution of oil and plastics in the s=23 has bean
discussed by Horn and Backus (1979); Wonga, Green, and Cretnsy
{1874), and Frazier (1980). It se=ms3 reasonably certain that pest-
hatehling s=a turtles are dncreasingly &t risk from pslagic
pollutants,

Except for the obsarved tandency of vyoung ssa turtles to entsar
sargassum rafts when they they can sse or othzrwiszss sensze them,
and with the cavsat that no sargassum or othsr flecating debris
may b= in their immediate arsa, thes only evidence that I am awars
of that post-hatchlings actively attempt to avoid predators is
That of Frick (1978}, who reportsd that the turtles responded to
the presence of frigate birds by diving. The relatively small
12



size of months-cld pelagic Kemp's ridley (summarizsed in Marguesz,
1986}, and the abundancs of large predatory fishes (dolphins,
tunas, sharks, etc.,) in and n=ar convergence zones and/or
33rgassum rafts; the sbsenca of known predstor-avoidancs
behaviors ({(excluding adgrassive beshavior in captive situations),
and tha abssance of information that might indicate that Kemp's
ridley i3 wunpalatablse, or poisonous to eat, I must tentatively
conclude that ths probable wide dispersicn of the smallsr animals
in the open oce=an i35 their chisf means of avoiding predation.



SUMMARY AND CONCLUSIONS

Although Kemp's ridlsy nesting occurs in the form of arribadas,
not all hatchlings within a given vesar-class leave the nest at
the same time, or from the same location on the beach. Longshors
currents off the nesting beaches change in strength, and possibly
direction during the perfiod of time that hatchlings begin their
awim offshore., Thus, individual groups of necnzates face diffsrant
anvironmental conditions and hazards as they approach and entar
the sea, which is suggested to bz in a non-svolutionary sense, =
form of '"bat-hedging" in ths speciss.

Hatchlings snergstically and purposfully swim out +to s=s=a
principally to avoid predation and to avoid besing redsposited on
the Dbesach by waves, Ths duration of the swim franzy and possibl
exercisse of ‘choice" by the turtles to terminate the swim, ar
unknown. When hatchlings sncounter currents offshors thay ar
gntrained in, and transported by tham.

[ELIS (1

Should hatchlings encounter sargassum =sither near or offshors
they tmay opportunistically enter it to rest, ssz2l refuge, or to
teed on sargasssum  associatss. The turtles!' beshavior with rsgard
to sargassum, however, may be a steresotypic responss to any
tloating object of sufficisnt size to be perce1ved by theam.

- Sargassum  and  sargassum-sssociates  in ths Gulf of Maxice may be
substantially different than in the western North Atlantic,
gspecially in and near the Gulf Strsam system. In comparison,

Gulf of Mexico sargassum is commonly widely dispersed, less in
total cquantity, depauparate in terms of its animal associates,
and dits occurrance less pradictablse in  space and tims. Mozt
cbssrvations of post-hatchling turtles associated with sargzssum
have b=sn in the North Atlantic propsr. Zargassum may not play as
impeortant a role in the =scolegy of vyoung sea turtless in ths Gulf
of Maxico as it does off the esast coaszt of the United States

Givan that plankten, dincluding sargassum, ars concantrated by

winds and surface converdences of various types, it i3 unlikely
that post-hatchling sea turtles and sargassum would not bs found,
on  occassicen, at the same place and tims. The vyoung turtles would
increass somewhat the frequency of =ncountering sargassum by
increassd swimming activity.

Zargassum rafts  and converdancs zonss as discussed by Care
{(1986b) may provids post-hatchlings with a concentratsd scurcs of
food, but nutritional rsequiresments of +the voung turties can
probably be mst anywhere din  the plsaustal zons in the form of

marine spow and gelatinous zooplankton. L. kempi may be =
dietary generalist throughout its

14



The {importance of sargassum to small pelagic stages of Kemp's
ridlay  in  the Gulf of Mexico remains unknown., While the cruciazl
role of surface currents in the diztribution of post-hatchlings
seems certain, surfacse convargsancss may psr 58, presant mors
hazards than bensfits to the turtles in way of attracting
predators historically, and pollutants mores recently.
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PART TwO

GULF  OF MEXICO CIRCULATION AND RISPERSION SCENARICS FOR THE PELAGIC
S5TAGE COF KEMP'S RIDLEY

INTRODULCTION
There 15 gesnsral agresment that hatchling sea turtles more-or-lsss
passively drift with surface currents for a vyear or mors upon
conclusion of an initial ensrgetic swim (the VYswim frenzy")

offshore from thesir natal beaches (e.g., Frick, 1876; Witham, 1876;
Pritchard, 19783 <Carr, 1980; McVYey and Wibbels, 19843 Carr, 1986;
Meylan, 1886). Hatchling and hzadstarted Kemp's ridleys generally
swim on a stsady course directly out to sea from the beach,
although they are known to make compeznsatory course changes to
resist longshors movement by waves and currents (Wibbsls, 1984).
They circumvent physical objects in thair paths, such as swimmers,
but may rest or take refuge in patches of szargassum (Flstemsyar,
18785 Frick, 1976), and it has been suggssted that the turtles swim
cut to s2a in order to find sargassum (Frick, 1976; summarized in
Stonebrunner et al., 1982). It {is not known whather the voung
turtiss stay with sargassum when thay sncounter it ¢lose to the
besach, or whether they ares Yprogrammsd" to continue fto swim for a
fixed time dinterval, or until their ensrgy supply (residual volk)
iz depleted (Frick, 1976835 Kramer and Bennstt, 1981). Whethear
initiegl swimming involves innate exploratory beahavior or =soms
choice 15 sxercissd in wheare or when they terminate the swim franzy
pariod 1is unknown. Consgiderable presumptive evidance indicates that
the major 1initial objective of the nawly hatchaed turtlss is to
distance themsslves from the besach {(summarized in Marquez, 1988).
Matchling turtles 1ikely =slow or stop directiconal, purpossful
swimming at soms time after the swim frenzy period, and it is
assumed that they then become ralatively passive driftsrs whoss
subsequent net movemsnt is determined by surface currents (Witham,
1880;: <Carr, tg88; Carr, 1986) such a3 the Msxican (Sturgss and
Blaha, 1976) and Loop Currents in the Gulf of Mexico (Brown, 19886),
and the Gulf Stream system in the North Atlantic (Pritchard and
Marquez, 1973), and by local =ddies shad by these currents. Ths
potzntially dmportant affscts of wind on ths movemant of drifting
turtles have not bsen considarad,.

Evidence for a planktonic dsvelopmental period in the 1ifs history
of Kemp's ridley and other spscises of sea turtles is convincing.
Except fTor strandings usually attributable to conshors storm winds
and  waves (Carr, 1886; Catdwell, 1969; Carr and Masvlian, 1880), or
thermzl shock 1in post-pelagic Juvenilas and subadults (Schwartz,
187¢; 0Ogren and McVey, 1981; Fontaine =t al., 1985%), post-~hatchling
individuals are not captured or observed in  nesarshors waters.
Neonatz and post-hatchling ssa turtles arse probably not capable of
sustained swimming spszeds much above onz  km/hr (Frick, 1978;

b
Witham, 1876), & spsed slowsr than would bs required for thsm fo
have reached distant rscovery areas raportsd by numsrous worksrs
The duration and apssd of swimming Jin  supposedly ‘fpassively!
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drifting small turtlses is, however, unknown. Distribution records
are  summarized in  Cgren, 198%, and Marquez, 1986). The drifting

period may last a vyear or more, or until such time as juveniles
reappear in c¢oeastal waters throughout the Gulf of Mexico and along

the sastern seaboard of ths United Ztates.

During *he pelagic drifting period, small turtles arese thought to
accumulate in arsas of surface convergsnces soms of which,
dissipats +then re-form, as Langmuir c¢ells do (Carr, 1888). Both
turtlas and their food sources, thought possibly te bs sargassum-
associates, accumulate in this way (ses Part 1), and ths turtles
are protected from overwhalming preadation by sheltering in ths
weed., Carr (1886) summarizasd direct zvidence of vyoung leggerhsad
and gresn turtlses associated with sargassum 1in  or near major
currents such as ths Gulf Str=zam.

ral schemes have b=en propossd to sxplain the probable current-
gtaed transport of voung Kemp's ridleys from thesir natal besches

ancho Nusve on  ths wes coast of Mexico, to whare they

i as preadults in coastsl waters {(summarizsd in Marqusz,

carr, i988). It 15 not known with certainty whether Kemp's
ridliey subsdults observed 211 along the zastern ssabeoard {(Margusz,
1686: Henwood and Ggren, 1987) maks their way back inte the Gulf of
Maxico, or somz2 of them do, or how they may accomplish this. It has
baesn sugossted that Kemp's ridley individuals that have bssn swespt
out of tha Gulf of Mexico are lost from the breeding population and
becomse waifs (Handrickson, 1980), whils othsrs have suggsstad that
ramigration dinto the Gulf of Mexico is likely {(#.9., Pritchard,
19683 Pritchard and Marqusz, 1973; Bylss, 19853 Hsnwood and Cgrsn,
19873 Lazell, 1980: Meylan, 1986). Carr (1980) considerad both
peasibilities. How Jindividuals of bresding ass/size locatz the
nesting beachess off Rancheo Nusvo ramains

unknown (Owens, Crowsll-Comuzzie and Grassman, 1985%; Koch, Zarr,
and Ehrenfeld, 1969, discussed other spacizas), but mzchanisms
causing the adults to congregate zand together participats in
arribadas have bezen proposad (Hendrickson, 1958; Mora and Roebinson,
1982) .,

It has been apparsnt to turtls investigators that Kemp's ridlsy

ither underge part or all of the pslsgic phass of itz 1ife
cycte ip  ths Gulf of Mexico {(=z.g., Hildsbrand, 1980), or that som=s
or all of a given vyear-class are swept out of the Guif with the
Loop Current, to compiets the remainder of the pelagic phasa in ths

North aAtlantic (=.g., Fritchard and Marquez, 1972}. As Carr (1880)
said, "...understanding thes =eariy 1ife hiztory of sea turtlss is
the most important unsolved problem in sea turtls biology."

What follows i3 & speculative consideration of the szurface
circulation of the Gulf of Mexico bassd on recent work by physical
cceanographers, and some possibls distributional scenarios for ths

palagic stags of post-hatechling Kemp's ridley. Encugh may now ba

known abeout the end-point distributional patterns of Lepidochelys

kempi juveniles, pre-adults and sdults {(summarized in Marguez,
; 17




198681 Henwood and Qgren, 1987), and tha mzan surfacs circulation

pattsrns of the Gulf, to construct an hypothezis about whers and
how post-hatchling stages in the plsustal zone are transported by
surface currents or the movemsnt of eddies in which tha turtlas

may be ambeddsd.

General Circulation Patterns in the Gulf of Mexico

The Gulf of Mexico rsceives its major sourcs of watsr through ths
Yucatan Straits from the Caribbesan Szs. This strzam of watar forms
the Gulf of Mexico Loop Currant, whose meandsrs and sddiss are
componants of thes anticyclonic ocszan basin circulation of ths

zastarn Gulf. Anticyclonic =ddies (or "rings"), shed periodically
from the Loop Current migrats into and across ths westarn Gulf of
Mexico, which resulis in an overall clockwise <circulation patiern

in the northwestern Gulf. Sturges and Blaha (1878) suggsstad that s
wastarn boundary current similar t¢o the Gulf Strzam system
dominated +the Texas/Mexico continantal shelf and slopes. Although
the short and Tonger term beshavior and exact causes and pesriodicity
of ring shsdding by ths Loop Current require additiona)l study
(2turges and Evans, 1983; ‘Wadds11, 1986), thers 1is gzn=ral
agreement among physical oczanographsrs that circulation in the
gastern and wsstern GUlY basins are coupled in & complax way, and
that the direction of offshorse currents in the western basin ars
primarilty the resuit of Loop Currsnt eavents. Thres sxamples of
suggested genaral surface c¢irculation patterns arse  shown in
Figur=es 1, 12, and 13,

Whersas the Dboundary currsent of the wastern Gulf of Mexico is
believed to bes driven principally by sddiss of the Loop Currsnt,
shelf circulation patterns throughout the Gulf of HMexico ars
primarily wind driven (Sturges, 1886; Cochranes and Kally, 1988),

In shalf waters along the north-scouth tranding coasts of
northeastsern Mexico and southern Texas, southsasterly winds t=nd to
induce a Jgensral nertherly flow. Along szast-west coasts outsr

shel?¥ currents flow to the =ast during most of ths yvear {(Shaw =2t
al., 1985},

A noen-tschnical overview of shelf-slope boundary surface currant
patterns based upon racznt fisld and modeling investigations
{summarized in Wallcraft, 1886; Waddsll, 1986), is approximatsly as
follows., Given coupling of boundary currents bestwesn ths western
and eastarn basins (i.2., across the Mississippi Delta resaion), nst
slope boundary water tfransport 1is generally clockwiss throughout
the Gulf of Mexico (Bruchs, pers. comm.: Fig. 1) with the exception
of cyclonic flow off the Texas coast. In the abssncs of coupling,
zastern and wsstsrn basins may have, for variabls periods of tims
from several menths o & vyz2ar {(Eliictt, 1982y, =ss=ntially
independent clockwise circulation patterns.

Eastern Gulf of Mexico Loop Current
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Thae wsastarn boundary of ths Loop Current rarsly exteaends wsst of 90
Tengftude, and 1dts 2astern boundary protrudss rarsely ontoe the west
Florida shelf, although interlzaving filaments of warm Loop Current
watsr may bs advected across the shelf/slope boundary as a rasult
of +the meandering behavior of the Loop Current front {(Sturgses,
1888y, Variation 1in the position of the northern boundary of the
Ltoop Current have besn discussed by Sturges and Evans {(1883), and
Thompson (1986).

Based upen 1865-1966 data, Lispp=r (1870) suggested That northsarn
intrusions of the Leoop Current had an annual cyvcle, beginning in
the spring and resaching highest Tatitudes in the summ=sr and fall.
During its northarnmost penetration ths current was =aithsr
continuous from VYucatan to the northeast Gulif, or a northern sddy
detachad froem the current (to drift west in the f311) lzaving a
ramnant of the Loop Current in the southsast Gulf (Figs. 2, 3, from
Molinari et &1., 18773, #Maul {(1975) reported & similar pattern from
1972-1873 data. Molinari =t al. {(1977) noted that the Loop ZCurrent
sometimazs follows an almost straiaht path from the Yucatan Ziraits
to the Ztraits of Florida, and at othesr times it extends ftar to ths

north as an anticyelone. Their data, from the period 1874-1977,
showaed that the Loop Current extended farthest north during the
winter months. Prior to 1874, winter intrusions north of 268 N.(a

parallel connscting Cape Romance and the U.3,-Mexican bordsr) had
not besen  raportaed. Actual and model circulation patterns in ths
sastern Guif ~of Mexico have besen summarized and discussed in
Sturges and Shang (1978), Wadds11 (1986), and Wallcraft (1386).

Wastern Gulf of Mexicoeo

{i

Using a two-lavsred time-dependant hydrodynamic model with a fres
surface to investigats Loop Currant stability, Huerlburt and
Thompson {1980) concludsd that anticvclonic sddizs can be shed in &
regular mannsr from the Loop Current with no time varistion in
inflow transport. Smehil, Behringer and Molinari (1978), repocriad
that a thres gyvre circulation pattern was obssrved in the Gulf
during October-Novembsr 1876: The Loop Currant in the sast, &
detached =addy Jin the central Gulf, and & ayre in the wsstzrn Gulf,
which filled the d=zzp basin. A similar pattern occursed in 1867,
1969, and 1972, and it was suggestsd that & largs sxchangs of watar
ster

G -

hatwsan the zastern and western Gulf occursd at 80.5 W,
particutarly in the spring (2mehil, Behringsr, and Molinari, 1378).
Recent studies have shown that, on an annual basis, thare ars oftan

from one to thres c¢losed, wastward-drifting rings in or sntering
the western Gulf a3 & result of sddy-shedding or brazakdown of ths
nertharn  portion of the Loop Current ( Lewis, 19843 Brooks, 1884
Kirwan et al., 1984; Waddeli, 1984 Wallcraft, 1986).

Lewis {(1884) reportad the movemsnts of a Laarangian deiftsr buoy
{(Mo. 3374) szedad in & warm core ring of thes Loop Currant in
Gectober, 1882 and tracksd wuntil August, 1983 (Figs. &, b5). Hs
describad its movament as follows:
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ODrifter 3374 was deployed in a ring in Coctober 1982 and
showed & westward translation, an oscillatory psriod
atter coming in c¢ontact with the Mexican coast... and
then, a period after July 1983 during which the buoy lsaft
the ring and moved toward the sast... The location at
which the drifter left the ring coincides with s region

whers large eastward transports have bssan observad. This
gastward flow 135 a result of & combination of the flow
pattzrn of the north Timb of *the anticyclons snd the
south 1imb of a cyclone which is typically found dirsctly
north of the anticyclons. Numsrical sxparimsnts show that
& cyclone can bz shad from an anticyclone as thes lattar
teaels the effects of a western boundary (Smith and
Q'Brisn, 1883).

Eastward transports describsd by Lewis (1984) have also been
documantiaed by Cochrans and Kally (1986%, and by Shaw et al. (1985).
W=isenberg (1983) dascribad an zast and south flowing j=t along =
front szparating ceoastal water in the Mississippi REiver plums and
the northern Timb of & Targe (200 km in diamstery anticyeclonic
Loop <Current sddy near 28 53' N, 88 31' W, in Decembsr, 1882. His
dirsct observations of the front ware confirmed by remots s=nsing
imagsry from ths NOAA-7 radiometsr {AVYHRR) and ths NIMBUS-7
coastal zonz color scannar. This jst, locaisd somswhat south and
&85 of the Mississippi delta may have rasultaed in the transpoert of
floating organisms and dsbris observed by WYWeisenbarg, from the
western to ths szastsrn basin of the Gulf.

Orifter No. 3375 was szeded in a ring in July, 1883, It driftsad
south =fter =2 short pariod, then cams undar thes influsncs of an
zarliszr ring that had already migrated +to the Mexican shelf

boundary (Lewis, 1884).

Brooks =nd Lasgickis {(1982) =stimatad ths spin-down timsz for rings
was on the order of two-four months after thair translation to ths
western Gulf slope. Lewis (1966) described the path of driftar buoy
1599 (Fig. 6), and Kirwan =t al. (1984) deacribsd the path of
drifter Ne. 1800 (Fig. 7), which ware tracked from Novambar, 1980
through May 1881, These buoys exhibited thz sams gen=sral pattern
of movament as those described by Leawis (1984). Waddell (1984)
reviewsd the {frack of drifter buoy No. 23350, which was relsased in
# Loop <Current =ddy in April, 1884, and followasd until Septezmbar,
e84 (Fig. 8). After making thresz complete revolutions in the eddy,
buoy No. 3350 migrated southwsest ftc the Maxican shalf-sliope
boundary., Wadds1l] (19€6), summarizing results of the MMS physical
oceanography program to date, stated, with respect to ring
movemsnt, that:



The g=neral paths of Rings 1588, 3374, and 3350 are...
idantical. .++. Three months elapsed from ths time Ring
3350 was shed until it was sesdsd. Rings 1599 and 2374
indicate a thrse +to five month travel tims from sesding
until sncouhtering the Mexican c¢oast. These results
indicate a total travel time across the Gulf of Mexico of
six to sight months.

wWaddei] (19868) further noted that drifter No. 3374 lezft its ring
and moved =astward 1in a location {fca. 23.5 NY, wharse largs
sastward transports of soms 30 3v had been obssrvad by Marrsll and

Morrison (1%81: Fig. 14). Eddies are translated to ths north after
encountasring the westsrn boundary, as explainzd by 2sSmith and
O'Brian (19883). Currents off the =zaat coast of Mexico ars praobably
dominated by =ddiss (5turgss, pers. comm.).

Wadde11 {19886) depicted the Yinsar trajsctorizs of nine ssparats
rings that were followsd for, "... a reasonably long and continucus
perfod of tims" (Fig, 8). Net movamsnt of most of the rings was
toward the southwest. Characteristic paths of warm rings based upon
GOES and NOAA satsllite data during the pseriod 1972 to 1884,
", ..3uggest that a11 paths converge to a region in ths northwsstsrn
Gulf of Mexico beat defined by 25 N to 28 N and 93 W to 896 W,
Average ring diameters are estimatzd to be on the order of 185 km,
and their westward translation speeds range from ene to five km per
day (E1ldiott, 1982). Incltuding travel and spin-down time, ths 1if=s
span of an =addy shed by the Loop Currant sezms to bs about nins
months to a vear,

3

3imulated drifter tracks generatsd from modsling axperiments, and
the actual path of driftsr No, 1599 (Fig. B6) showsd clo=e
agreesmant, and Wallcraftt {1986) statad, "“"A persistsnt anticyclionic
gyre in  ths northwesst Gulf has beesn a featurs of almost all Gulf
simulations performsd to dats.”

Shelf Currents

Whils ignificant progrsess has besn made in understanding coupling
between zastern and western Gulf circulation patterns, shzlf-siops
and basin surface current interactions are less clearly understood

(Wang, 19€3). Circuylation of continantal shelf watars of the
zastern Gulf (Sturges and Evans, 1883: Sturges, 1988), will not bz
further discussed. Coastal and shelf circulation of the westarn
gulf i3 of principal interest hsre, since it is in thess waters
that Kemp's ridlsy hatcehlings begin ths pelagic phase of their 1if=z
history.

Az reviewsd and discussed in Cochrans and K‘11y (1985), wind i3 =&
primary c¢ause of currents along much of thse Texas-Louisiana coasts.
The known effects of wind stress along othar Guif of Mexico coasts
indicatsas that winds are probably of primary {importance 1in
directing surfacs water movemantz over and along the north-south
trending coast of northezastern Mexico, as well (s.g9., Sturdss and
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Blaha, 1876 Csanady, 1982 Brooks, 1984)., Cochrans and Kelly
(1985) guoted observations from an unpublished manuscript by D.L.

Harrington =ntitled, '"Qcesanographic Obsarvations on thes Northwsst
Continental Shelf of +the Gulf of Mexico 1963-1965", and cited
other finvestigators whoses conclusions wers in agresment.

Based on drift bottle experimants, Herrington found that:

{1) currsents between Ssptember and April for the most
part are =slongshore wsstward along the Louisiana and
southwestward along the Texas cosst; (2) thes reversal of
the system ususlly starts around May or June when
currents becoms dJrregular and obliqusly offshors; (3) by
July, currsnts ars stronger northeasterly or sasterly;
this reversal usually prevails for a short tims and by
mid-August, the flow has returnszd to westward.

Cochranse and Keslly (18858) summarized thair considseration of shslf
circulation 1in the northwsstsrn Gulf by stating that & cyclonic
gyre prevails over much of the shelf gxcept during July and
August., Downcoast currents (wsst or south, with rsspsct to
shorelinsg orientation) dominate much of The coast excapt during
July and  August, and form the inner {(i.e., sheraward) Timb of tha
cyclons. A countercurrant (north, east, or northeastward flowing)
is present near the shelf brealk, and includss the outer 1imb of thse
gyrs., Part of ths countezrcurrent extends scouth and sast bayond the
gyrs. Water flows offshors din the gvre's southwsestern 1Timb, and
toward the Louisiana coast in its sastern Timb. In Tats August or
Feptember aftsr an abrupt changes in prevailing wind dirsction,
which becomes again downcoast, the cyclonic gyrse i3 reestabiishad

and reachss its maximum southward sxtent bzveond the Rio Grandes.
While tThe zastern 1imb of ths gyre remains in places until July, the
southwestern Timb (in which surfacs watzsr flows offshore’ contracts
te the =zst beginning in March or April dus to increazingly
southerly and southwesterly winds; by July, the gyre has
disappezarsd. The avarall pictura of Texas-Louisiana shslf

circulation dominated by a counterclockwise gyre i3 in agrszament
with +the findings of Lewis (1984). The anticyclonic boundary
currant discussed above might pessibly reinforce an szastward
flowing surface current nszar the shelf break. Shaw =t . al. (1985)
noted that Juvenile organismzs emigrating from ﬂatuar"es w1 ong the
Texas-Louisiana coasts during summer, would be carric astward
during the period of Jlongshors current reversal dj 2
Kelly &t at, (1882 and Cochrans and Kelly (1886).

In +ths vicinity of Tamaulipas, Mexico, the continental shelf

is
much narrowsr than off the Louisians-Texas coasts, and the slops i3
steepar (Fig,. 10y, Anticyclonic addies in contact with ths slops
boundary &re much c¢loser to Kemp's ridley natal bsacheas at this

tatitude than further north, whers the she1f broadens considerably.

Ocean Fronts and Convergsance Zones
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Kemp's ridleys spend a vear or mors n  the opsn sas, and a
successful  swim FTrenzy period would place the young fturtles in the
vicinity of & boundsry current which might transport them thera.

With the possible sxception of a strong southerly longshors flow,
the direction of local nearshors currents 1is probably of Tasa
significance teo the turtles' initial heading than other orientation
cugs such a3 horizon brightness. Hatchling sea turtlss havs bssn
obssrved to maks compensatory coursse changes to currsnts which
would wvactor them back toward the besach (szs Fart 1). In conditions
of hzavy waves, hsatchlings might be thrown back upon ths besach,
whers they would 1ikely perish.

If it 1is assumed that Kemp's ridley nezonatss swim vigorously for
24  hours or so upon entering the water for the first time; that
thsy swim in a direction normal to the beach; and can maintain, in
the abssnce of strong adverss currants, an average spead of about
ong  knot or so (perhaps an ovarly optimistic estimate), ths turtizs
would have to swim for sbout & day bsfors they encountsired ths
Mexican Current at the zhelf/slope boundary. This amount of sffort
n terms of ensrgy ressrves (yolk) sszems to Dbe within the
capabilitises of Kemp's ridlaey neonates. In the simplest czss,
assuming. that vigorous swfmming :tcreotypica]1y Tazts Tor a fixsad
pariod of time {(unknown for Kemp's ridisy), the hatchltings should
reach the shelf braak, and encounteP a# wastern boundary currant
ar the =nd of ths swim frenzy period. The swim frenzy may last
] longer than 24 hours, in which case further swimming would mors
zeplty ambed tham in the current, to their potential advantage.

In the presence of advsrss currents {(1.2., thoss currsnts

inhibiting ssaward movemsnt), hatchlings may be abls to axtend ths

duration of the swim frenzy period until thesy sncountsr a boundary

current {a Torm of purposzful szzarch behavier for which thsirs 15 ne

ayidence), or swim mors slowly wuntil a Favorabls currsent s
#

ancounteraed , or simply drift.

Transport of Hatchlings In The Wsatern Gulif of Mexico

Al anticyclionic sddies derived from the Loop Currsnt translats to
the west or southwest across the western basin of ths fulf of
Mexico, and contact ths shelf/siops boundary of Taxas or Msxico.
As theay begin to contact the slope thess eddizs subsequently move
te the north either indepandently or after coalasscing with ancther

eddy in ths same arsza. Exacily what hwppnls i3 not well known.
Thaszs anticyclonic eddiss together result in &2 boundary currant
which szams to flow to the north for most of the tims in any givan
year, during a majority of years for which rscords ars available.
This flow will continue to the north until it reschss an arsa
dominatad by & cyclonic =ddy (s=z2 Merrill and Morrison, 1981: Fig.
14), As it approaches the northwsstarn corner of ths Gulf, the flow
iz in an =asterly dirsction. As  discussed sariisr, thes arsa
betwsan the utharn Yimb of a cyclonic seddy, and tha northarn Timb

Om
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of an anticyclons often
maanitudse flowing bstws
the offshore zasterly jat

results in  an eastwnrd jet of soms
n  thesm. When found in satellits picturss,
arsz guite striking.

s ¢ 1%

A number  of distributional scenarios may be postulated for Kemp's
ridlsey hatchlings once they have crossed the continsntal shelf off
Mexico. First, they may be captured within an anticyclonic addy
that remains in the westsrn Gulf {Fig. 8), and thus spend the
antire pelagic phase thers. Second, hatchlings may be swespt to the
east off the Texas-Louisiana shelf, to bz entrained in ths Loop
Current. Ospending upon transit time from the wastern to the
gastern Gulf, and whether the hatchiings fetch up in a northeastern
Gult  =addy, and are carrisd back intc the western basin or fatch up
in the northern Loop and leave the pslagic zon= for the PFanhandle
of Florida, scme of the voung turtlss arse carrizd out of the Gulf
of Mexico through ths 3itraits of Florida, and drift with and along
the western adge of the Flerids Currant/Gulf Strsam until thsay ars
old =nough and/or strong snough to leave the current and disperss
shoreward. Individuals that do not exit the Gulf S5tream systam by
swimming or Dbeing blown to the wsst by winds ars probably lost to
the population.

While the net movament of the palagic stags of Kemp's ridisy 1

probably chiefly attributable to surface watsrmass movement, ths
hatchlings may be capabls of substantive position changss within
currents. It 1is entirely possible that some of the hatchlings
zscape Trom a given current, to be swept into another onsj perhaps
inte one with an entirsly different future path or l1ifszpan. In
Fact, it may be misleading to describe ths hatchlings' 1ifs styls
as planktonic until they assumz a shallow water demsrsal sxistencs
a5 Jjuveniles. Hatchling sea turtlzss are capable of swimming spsads
greater  than thoss of most zoopliankters, and thev possibly "ssarch
for" concentrations of sargassum or other floating objects under or
within which they may obtain food or sheliter. "Szarching' may
involve no more (nor does it need to) than swimming downstream or
across current in the absence of aggrsgations of floating objscts.
The sams mechanisms that cause sargassum to converge would bring in
small turtlzs, and sxcept to counter wind drift, no sw1mm(ng at all
may be requirsed by ths turtles to "find" sargassum.
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dverview OF Currents And The Dispersion of Peiagic Kemp's Ridlay

The narrow shelf off Rancho Nusvo may enhance ths probabiiity of
ngonates rsaching a wsstsarn boundary current or an anticveclonic
sddy. Once entrainsd in a current, nsonate turtles are probably,
but not certainly, committed to completing the pelagic, disparsal

phase of their l1ives in the same diraction, and at the same =pssd
25 theg host current path dictates. Although availabls information
ia clasarly ihadegquats to make unesgquivocal predictions, Ffour

distributional patterns for nzonate/hatchling Kemp's ridleys ssem

more 1ikely to msz than than the many othars that can bs suggestsad.

t.} They rsmain in the central-southwestern Gulf of Mexico. 2.)

They are swept out of ths western Gulf, ars sntrained by ths Loop

Current, and finish the pslagic phase in the Florida Current/Gulf
: i 25



Stirzam. 3.) As in  (2.), but they are captursd by a northsrn Loop
Current eddy, and return to the western Gulf, 4.) Thay do not make

it to a major dispersing current, or ars sjscted from a current (as
Langrangian driftsers may bea); find themselves in coastal waters,
and perish thers bscause of preaumab]v higher pradation pressurse or
cold winter tempsratures not found in thes Loop or Florida Currents.
5.) As an alternative to (4.), older individuals of post-pslagic
size {ca. 20 com) wmight Tind themseives in coastal watsrs, thsir
subsequent developmental habitst, and survive there as banthic
carniversas.

Unanswersed Questions

It dis difficult to find drifting objects at sea unles they A@rs
conspicuous bscause of their sizsz, color, radio signatur or (as
Sturges, pars. comm., suggssted), their H"food" ;13n%turpb If
hatchlina Kemp's ridleys swim within a moving watermass, they will
ba difficult or impossible to locate & short time after they leave

('D 1]

L

the beach., I¥ thay are relatively passive drifters; or they
actively s=zek out, or fetch up in sargassum drift 1ines; or, if
thaeir dnnatse Dbehavior is such that they are obligatory associatss
of sargassum when it can be found by them, it may bs possible to
find them at sez with the wuss of rezal-time satellite imagery,
aircratt-aided location of driftlines, dedicated ship times, and an

in-ths-water approach by swimmsrs

The present discussion has not addressed some important questions.
Among them: what if any, internal or snvironmental cues induce post-
hatcehling turtlas teo quit the pelagic environment; what
preportion of a given vear c¢lass are lost becauss of unfavorabls
dispersion by currents and/or winds; what role, {if any, does
sargassum  play in  thes survival of the pelagic stags: how do
preadults and returning adults make thair way back to Rancho Nusvo
to breed; doss the swim frenzy period last for a predeterminsd
period of +time; what and how oftaen must ths turtles ezt; do
Kemp's ridley hatchlings exhibit goal-sezking behavior te find or
recognize currents or sargassum. Additional quastions includs the
extent and freguency of swimming by the turtles that may occur
within or bstween currents and watermassss, and the relstive
importance of winds and wave transport in their dispersion. The
most obvious and least discussed problem has to do with the fact
that Kemp's ridtey hatchlings do not zncounter mean circulation
patterns whean thay lsave ths natal beach. Each cohort of nszonats
turtles i35 exposed to real-time ocezanographic conditicons, and at
prasant we do not know what those are,



SUMMARY AND CONCLUSTONS

Enough 135 known about ms2an circuiation pattsrns in the Gulf of
Mexico and distributional end points of Kemp's ridley to suagest
s1ightly more detailied distributional hvpotheses for thes pelagic
phase than historically possible. Actual dispersal pattzrns are not
known,

On  average, circulation in the western Guif 13 dominated by rings
from the Loop Current. Some anticyclionic sddies darived from the
Loop <Currant drift in a westerly direction and bazcoms boundary
currants in the western Guif. Consideration 1is given *to how
nzonate Kemp's ridleys c¢rosz the continental shelf off Rancho
#

Nuavo, and re entrained 1in thess boundary currants, or 1in
anticvclonic eddies, Peslagic hatchlings either remain in  ths

wastern Gulf, or are transported fto the Florida Currsnt via
coupling of an sastward Flowing jet in the northwestern Gulf with
the Loop Currsnt, which exits through the Straits of Florida.
Several permutations of thess two basic pattesrns arse discusssad.

Consideration of tha fregusncy and position of surfacs convergsncss
retative to the likely positions of hatchlings indicates that the
turtlss probably sncounter drift linss or accumulations of Tloating
objscts rathsr frequently. The important gquestions of how oftsan
they do, or whether an association with sargassum is of adspiive
advantage are not known.
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Eruche’ suggested genervalized civeoulation vegime in bhe Gul f
of Mewico showing the region of coupling between the sastern

and wastern basins. (Redrawn from Bruche, pers. oomm. .
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£ Diepth of the 20 O iscotherm during May and June 1973, showing
the position of the Loop Cwrrent intrusion. (Adapted from

Molinmari et al., 1977, fig. 14,
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2 Depth of the 20 O isoctherm doring July 1973, after a Loop
Current eddy has been pinched off. (Adapted from Molinari

2% al., 1977, fig. IRB:.
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# Trajectory of Lagrangian drifier number 2374 Svacked from

& Botober 1982 to 1 March 1983. (Adapted from Lewis, 1984,
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9 Trajectory of Lagrangian drifter number 3374 trackesd from
1 March 1983 to 10 August 1983. (Adapted from lewis, 1984,

Fig. <.2=500.
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& Trajectory of Lagrangian drifter number 159% tvacked from
19 Novembayr 1980 to 11 May 1981. (Adapted from Lewis, 1988,

fig. T0-6).
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7 Trajectory of Lagrangian drifter numbar 1600 trachked from
20 Movember 1280 to 11 May 193B1. (Adapted from Hirwvan et at .,

1984, fig. 10,
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B Trajectory of Lagrangian drifier number 3350 tracked from
22 oApril 1984 to 3 September 1984. (Adapted from Waddsll, 1384,

fig. 417,
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Linear paths based on the connection of esndpoints of nine

different Laop Curvent rings as evidenced by the movemsnhbs

of Lagrangian drifter buoys. (After Waddell, 19BE, Ffig. o.5-55)
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Lo Proximity of

CEE 117 NI

the shel f

(adapted from U.S5.

Break

el

i

Dapt.

of £ Rancho NMueswo,

Mexiico

Comnerce, 198%; fig. 1.010.
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11 Location of Rancho NMuevo. CAdapted from Marques, 1978; fig. 17.
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12 Generalized sur face cuwrrents in the Huld of Mewioco. (Adapted

from Galloway, 13981).
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12 Mean civculation of the Gulf of Mexico as suggested by Sturges

et al. (From Stuwrges® Fig. 1, in Sturges and Shang, 1978).
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14 Counter—-votating vortices in the western Gulf of Mexico near
Fancho Nuevo., Water flows to the mast hetwsen the Aorbtherns
cyclong and the southern anticyclone. (Adapted from Mervill

and Morrison, 19812,
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